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SECTION ONE, INTRODUCTION

This report provides info rmation on operational features of the BRAZO missile and
the test facilities which have been developed to test and evaluate the GTU-5 version of this
missile. A companion document entitled “BRATFAC Master lest Plan ” de fines the test
program , the required system-integration activities , and the test-data collection , reduction .
and analysis procedures which are bein g implemented to veri fy the BRAZO weapon-system
performance.

BRAZO BACKGROUND

The Navy and Air Force tactical air missions require air superiority in high-density
engagements and in highly sophisticated electromagnetic environments.  Passive radar detec-
tion . discrimination , and anti-radiation homing ( A R H )  and guidance techniques provide a
significant potential for improvement in US air power as well as denial to the enemy of the
free use of airborne radar systems.

The passive homing capability of the BRAZO air-to-air missile provides a weapon
which can passively engage hostile aircraft which emit rf energy whether they he surveillance.
command control , intercept , or j ammer units .  Passive guidance provides launch and maneu -
ver capabilities with an inherent potential for use against surface targets whose radiat ion
bands overlap those of the air-target threats .

BRAZO is an outgrowth of the Electromagnetic Radiat ion Source Elimination
(ERASE) program which sponsored the design and development of Anti-Radiation Missile
(ARM ) sensor technology. The development of technology to support the seeker require-
ments (eg, radome , antenna , local oscillator. IF processor . and video processor) was
approached from the baseline capabilities established in E RASE . Brasshoard hardware wa’
fabricated and designed as t he Mod 0 seeker. Laboratory tests . anechoic-chamber tests .
sled tests , and captive-flight tests validated the seeker desi gn.  Fli ghtwo rthy see ker s were
then fabricated and integrated with an AIM-7E-2 airframe and control sys te m. An F-4()
aircraft was modified to accept the BRAZO AIM-7E-2 interface wiring and control  and
display hardware . The I)emonstration Test (sled , captive , guidance 1 was conducted at
Holloman AFB, New Mexico. Milestones for the early development activi t ie s ot B R A Z ()
are shown in figure 1. Following the successful demonstration test s at Ilolloman. tabrica-
tion of GTU-5 was begun.
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Figure I.  BRAZO dem o nstrat i o n pr ojec t .

GTU-5 OBJECTIVES

GTU-5 is bei n g i n teg rated at the BRAZO Test Facility (BRAT I A(’ ) with a radar-
war ning receiver ( R W R ) . and t h e  AFRO- I A weapons-control sy ste m to comprehensivel y
evaluate the system ’s ability to passively acquire a target , disp l ay and des ignate  t h e th rea t .
and hand-oft ’ to the AFRO- I  A for acquisition. launch-zone computations . and missile
initialization. I)ata derived from the tests will  he u t i l i z ed  to prepare specif icat ions for the
Advanced Development Version ( A D M )  of BRAZO .

GTU- 5 implements a digi tal ly controlled version of the analog GTU-l . 2 , 3. and 4
models . The fol lowing functions were selected for digital implementation :

Platform stabilization ,
Pulse tracking.
Threat storage ,
Threat identification.
f re(~L1el1c~ tracking .

~~ I Angle t r a ck ing ,  and
Steering gain a nd t ime-to-g o .

TEST FACILITY CONFIGURATION

A completely integrated test taci l i ty will he used to test the BR.\ZO concept. The
major elements of the BRAZO lest Facil i ty ( B R A F I AC) include an F-4 B mounted on a
5-inch gun tur re t , the GTU-5 , BRAZO Avionics L ’.qu ipment , operational and test software .
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i n s t r u m e n t a t i o n . t es t va n . and o i l — s i te  tes t  t ac i l i t i e ’~. The major BR A I I  s ’, s tem . oinpo—
ne n t s  are sho ve ii in block diagram form in t ’igure 2. A l t h o t i g h  the  ( , t  tJ -~ nn~sil e  and
BRAZ () ,.\~ ioiiic’ ~ I’quipment ( B R A V I  arc  eithe r brass—hoard or “o t t - t I lL —she l l , stand - i i i ’~
equ ipm en t s .  the~ ire e l ec tnca l ly  e q u i v a l e n t  and t ull~ operaliona l.

_I~~~~~~~ C I A P ç - 7 2  ~ 
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____________

~i i ~III~ 
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I iui’  ~~ . BRA I t  A( ~

‘~DV .\Nt E l) PROGR A M P l . \ \~~J N ( .1

The ( I tJ- ~ tes t  and eva luation program wil l  provide the d , i ta  i n f o r m a t i o n  base
f u r t h e  follow—o n BRAZ() development and t~~st ph ases . ~~ihseqiient a L t l ~ i l ies v~ Inch are
a nt ic ipa ted  f o r the B RA Z (  ) program. i nc lud ing  their iel.ition to critic a l program deci s io ns .
ire illustrated in t i gmi re .1 As shio Wi I . BR A I I  , \( IS utilized is a se lf -c oifai i i d . l( ‘~ L

f i L i h i t ~ for c~ : t h u a t i n g  each phase of BR \t (  ) deve lopment.

L~~_ _
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Figure 3. BRAZO program phases.
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SECTION TWO . BRAZO SYSTEM OPE RATION

The BRAZO system is desi gned to at tack and destroy enemy airborne targets b y
detecting, identifying, and tracking the target ’s electromagnetic emissi ons.

TACTICAL FEATURE S

Tactical uti l ization of BRAZO involves the integration of the missile , the  a ircraft
missile-control system , an d on-board radar-warning rece ive r ( R W R > ,  and appropriate inter-
face e lemen ts (fig 4) . The integration of these syste ms p rov i des these system characteristics

Identification of all wave forms,
Operation in a dense electromagnetic envi ronment .
Prioritized display and designation of targ ets .
Prelaunch target selection and missile in i t ia l izat ion .
Accurate mid-course and terminal homing, and
Home-on-jam.

WEAPOII CONTROL SYSTEM RADAR WARNING SYSTEM

I i FIR E I I ~~~~~~~~ ~~~~~~~ I I RADAR
I CONTROL F—Iwcs Ct~lPUTERS F—”J ( ) ( ) F —I WARNIN GRADAR I I I I ‘—‘ , I I RECEIVERI I I I DISPLAY 013 LAY I _______________

BR AZ 0
_________________________________ I N T E R F A C E

MOGUL F

BRAZO

Figure 4. BRAZO system.

The RWR provides the weapon system w ith an all-aspect (360 I . detection-range
capability. In the critical forward area , the missi le see k er significantly exte nds the RWR
range capability as shown in figure 5. Characteristics of tile separate sys tems which com-
prise the total miss ile system are shown in table I .

1



B R A Z O
S T E E R A B L E

CONE

BRAZ O SEARCH PATTERN

F

RWR DETECTI ON PATTERN

l l~ LiIL ’ ~ . I )c t _ . non pailemn s .

TABLE I. SY S1 I MS ( l l A R \ ( T E R I S  FI CS.

BRAZO MISSILE

• Pt :LSI SORTING AND TRACKING
• THREAT HAND-OFF TO AVIONICS
• GUIDANCE AND STABILIZA’flON
• POSTLAUNCH MODE CONTROL

RADAR WARNIN G SYSTEM
• 3(~U I.ETHAL.TI I R I AT DETECTION
• TURNING (‘OMMANDS TO MISSIL E
• (‘LASSIFICATION ANt) PRIORITIZATION OF MISSI LE-DETECTEI) TARGETS
• I)ISPI.AY OF PRIORITY TAR GIT S
• PARAM ETERS HAND-OFF TO WEAPON CONTROL SYST EM
• CORRELATION OF PASSIVE AND ACT IVI DATA

WEAPON ( ON’l ROI. SYSTI’. M

• A(’T I V I I RA( K OF PRIORITY TARGET
• LAUNCH IONI S ANI) STIi RING COMMANDSCALCULATIO N .\\I) DISI’I.AY

- 

• MISSII I PRELAUN(’il I UNC TIONS CALCULATION AND IMPI.FMI,NrAT ION
• IN.RAN(;I MISSIl E LALIN( H

Several alternative IUeaIIS for determining range-to-targe t wilt he examined during
BRA ! l A( ’ test ing:

Normal Al radar range .
Al burst t’rom BRAZO cue ,

I 0



Tactical data l ink  f a i r  to ground ).

GCI vectoring, and
Range from wing man.

Other tact ical features of BRAZO include its abi l i ty  to lock on before launch , sepa rate tar-
get s i n c lu s ter s  ( figure 6) or in a stream , and its c a p a h i l i l v  for all-aspect detect ion and track

i ncluding the minor lobes of enemy emi t te r s ) -  The u t i l i z a t i o n  of BRA Z ()  in a h i s t a t i c
mode wil l  he evaluated for  short-range and (log-fig ht  app l i catio ns Thi s mode wou l d he
imp lemented using the aircraft  airborne interceptor  ( A l )  radar as an i l l u m i n a t o r .  ( ontrols
and di spla~ s are available to the pilot / operator for control l ing the modes and functions of
the Al radar , the RWR . and the missile , for observing selected targets and haunch  /ones . and
for  dete rmin ing  range and position of targets

\\\~4\\ 
_ _

Figure 6, Clustered ta igets.

TAC TICA L. OPERAT iON

The BRA Z ()  test f ac i l i t y  is designed to simulate  tac t ic a l  ope rat ing conditions in
or der Iu provide a meaningful evaluation of ’ BRAZO performance What  fol l ows is a desc ri 1~-
tion of the  processes involved  in operation at B RATI A (

I lie BRAZO syst em is in i t i a ted  by the operato r depr essing the BR ~/() hutton on
the Mode Control and Status Unit (M (’ St J ) .  ‘l’he system then enters  a (‘LI AR mode in
which the Missile l)ata Processor ( Ml)P) and the advanced radar warning s ’s slem (A RW S
(subsequentl y refe renced as A I A( ’/BAP are in it ialized. Ihis ( 1.I.AR mode m u s t  he
entere d bef o re any other BRAZ() function can he perlornted, (‘1.1 AR may be entered
Irom any other system mode to re-ini tia i ite t he sys t ~’n1 in Ihc event of a losI Iaigel or
inahiIit~ to f ind a specifi c target.

I I



Af ter  initialization , the operator may then co mm a n d the s~ sIcm to search for lar gets
Fhis he does hy depressing the SI -ARC h h u t f o n  on the BRAZ ()  Control Panel ( B(’P, This

causes t he s\ s t e m  to enter  the SE ARC h mode , While in this mode. B R A / .( ) sea rches f or  t a r-
gets and the Ai A( ’ l~AP disp la’,s them by pr ior i ty  to tile operator ,

The operato r m ay the n choose to  t rack a ta rget by depres si ng the s tep-re s e t sV,  itc h

on the \I(’St until his chosen target  is in the “highest  pr ior i ty ’’ P osit i on on the A RW S dis-
play tu be ( ‘RT . TRACK mode is i n i t i a t e d  by depressing tile T RA(’ K button on the 13(’P.
the mi ssile then a t t empt s  to  lock on the highest p r io r i ty  target and no t i f i e s  the ope rator

s~ lie ii parameter—track lock oii is achieved . II’ lock on can n ot he achieved , or ii t he target is

I f l s t  . the operator is not i f ied.  At this point. A I A( RA P may choose to again enter  the
SI .\ R( II mode or the CLEAR mode using the time the lost target wis tracked to determine
ss hk Ii mode to enter.

A f t e r  parameter- t rack lockon . the operator may c hoose to simulate a launch.
I A t  \( II  m ode is commanded h~ depressing the  l .A t 1\( II bu t t o n  on the  RCP. When
“ang le-lock ’ ’  i s  ac hics cd the operator is notif ied and the missile may be launched or the
s’s s t e m  ma~ he c leared. A simpli f ied outline of the operational sequence is shown i ii figure
7. [he A I A( l3,\I’ and \1 1)1’ operatIons are e\ I) lained in greater detail in Section 5.

INITIAL IZE 

~~~ 
~~~~~~~~~ cH

i i giiie 7. Oper ational seq ue nce of BRAZO.
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SECTlON THREE , MISSILE DESCRIPTION

The BRAZO test configuration consists of a passive anti-radiation homing ( A R E -I)
seeker (GTU-5 ) integrated with a SPARROW (A I M - 7 F- 2 )  airframe and control system, The
passive seeker replaces the original semiactive guidance unit. The SPARROW telemetry unit
was adapted to BRA ZO requirements and the autopilot was modified and adjusted for elec-
tr ical  com pat ib i l i ty  w i th the  see k er. The BRAZO test conf ’iguration airframe containing
locations of the major subsystems is shown in figure 8,

R
~~~~~~~~~~~~~~~~~~~~~~~

AuTO PILOT
~~~~~~~~~~~~~~~~ I~~~~~~

T DUMMY MOToR

Figur e 8. BRAZO test configuration.

SEEKER

The Seeker consists of the radome , sensor , digital processor , amid electrical conversion
unit subsystems. It operates over a multioctave frequency range, detects and processes target
radar transmissions , and provides guidance data to the steering section of the missile. A tune-
tional block diagram of the seeker is provided in figure 9.

13
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ANTENNA AND
R A D O M E  P L A T F ORM 

MIXERS PREAMP S IF - PROCESSOR DIGITAL PROCESSOR1 POSITION __________________________________________________
AN D R A T E

[~~~~SORS 
________ 

TO

v ~~
- AUTOPILOT

— ________

I5- ELEMENT r~~~~~ v - v -FI A N T E  NN A I v ~~~~~~~~ -~~~I TO

~~~~~ 
01 ot on A V I ON I CS
—I —S —.—ø

_ _ _ _ _  _ _ _ _ _ _  _ _ _ _  

Oi l~

PLATF ORM LOCA L  __________

CONTROL OSCILLATOR

t t t t
I FREQUENCY CONTROL

HEAD CONTROLSymb o ls

— Sum signal
P = Monopu lse pitch
Y ~~MonopuIse YAW -.

O Omn i si gnal
OR Omn i real signal
01 = Omn i image signal

-F IF output (coarse frequency)
P = Pitc h error

Ey - YAW er ro r
DIS C — Output of discriminator lfine f !equ e r rcy )

I igurt ’ i) Seek e r tunclir ina l Irli ,ck diagram.

R Al)( )M I

BRATFM’ t e s t s  will he conducted usi m tg an 8-inch hemispherical radonie as a ‘‘stan d-
ln.’’* ‘Ihe performance of this radome was verified in earlier anechoic chamber tests and it
was used fu r  numerous c apt ive- f l ight  t e s t s  in the F-4 D aircrat’t at Uolloman AF B. Its use
e l l I t l i n a t es  the introduction of unpredictable errors into the measurements.

I inch = app r 5 2 ’ s .4 mmmi
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SENSO R ANTENNA ASSEM BLY

The antenna assemb ly converts the microwave signals to monopulse sum and diffe r-
ence signals. The antenna assembly is mounted on the SPARROW stabilized antenna plat-
form and provides line-of ’-sight rate signals for missile steering. ‘l’he antenna consists of four
directmon-fi nding ( DF) elements positioned as a diamond with a shorter , fifth (omni). ele-
ment in the center (f ’igure 10). The signals from the four l)F elements are combined in a
nionopulse sum-and-difference network to yield three DE channels (

~~P. ~ Y and ~ The
fifth element provides an input to the onwidirectional channel for sidelohe blanking. It also
provides the input to an image-rejection mixer t’or use in separating the desire d signal from
the image.

DIRECTI ONAL CHANNEL
I F O M N I ~~’ D F , 

OM N I  CH A N N E L

ANGLE COVERAGE

Figure 10. GTU.5 five-element antenna.

The hydraulically controlled gimbal subsystem f ’or the antenna provides an angular
positioning capability in both the slave and track modes of operation , l’he subsystem uses
the existing A IM-71. unit , rate gyros , and follow-up potentiometers for feedback to stabi l ize
the head-control subsystem in the track and slave modes , respectively , Output signals from
the head-control subsystem are sensor line-of-sight rates used f’or missile steering , and pitcil
and yaw positions used to indicate head angles,

SENSOR RF ASSEMBLY

The rf assemb ly (f ’igure I I)  includes tile rf components and t he balanced mixers .
t he mixer system consists of 4 mixers , one in each of the ~~~, ~ P, and ~ Y channels , which
are mounted on the antenna gimbal , and an image-rejection mixer located off ’ the ante nmia
gimbal.

w~rc IS

______________ - — . ---.- —-



~~~~~~~~~~~~~~~1
RF PROCESSOR

ANTENNA I
I MIXERS PRE-

HYBR i D R F  AMPLIFIE
PLATFORM COMBINER A - B = / P

o 180 

C - D  5~

LOREALI SIDELOBE
AND IMAGE
R E J E C T I ON

Figure II - R 1 assembl y.

SENSOR LOCAL OS(’ILLATOR

Tile local oscillator ( LO I subs ystem provides the LO signal to tile antenna mixer
assemb ly for frequency translation of ’ the sum and dit’f’erence signals to the intermediate fre-
quency ( I I -  j .  ‘Ihe local oscillator is a single YIG oscillator which covers all of the frequeiicv
hands of interest at BRA’FI”A(’ .

SLNSOR IF F’RO(’l’ISSOR StJHSYST I:M

I he IF  processor subsystem (figure I 2 )  includes preamp lifiers and a narrowband IF
receiv er. A matched sd of three preamplifiers is provided for the sum (

~~) and t h e  two dif-
krence t AP, ~ Y ) channels ; a i i iatc licd pair is provided for the oill ni-l’eal (OMR) and omni—
image tO M NI) channels. I lie II proc essor p~ r:l les on t h e  angle-tr acking sIgn,Ils using a
commutated phase-comparison , amplitude , nlomlopulse ;echmlique . At tile input to the
receiver , the angle en i r s  are prop~rtional t’ the dif ’fe remlL c-channel amplitudes. At the
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out put at the preamplifier section of the receiver, the sum and the diff ’erence signals are
added in a quadrature hybrid which transf ’orms t he dif ’f’erence-amplitude information into
phase information. Since the error diff ’erence ) int’ormation is now represented by phase
diffe rences , signal amplitude is mb longer critical and amplitude tracking and normalization
is not required. The outputs of’ the hybrid are aniplil’ied and hard—limited , Determination
iit the magnitude of the diff ’erence errors , and the direction of tile errors (up. down , or left
and right ( i s  accomplished in a phase-sensitive detector whose output amplitude is propor-
tiorlal to t he cos ine of the phase diff ’erence between the inputs and whose polarity def ’ines
direction of this error. fhe II’ processor also produces outputs which are proportional to
the log of the ~ input level and to the frequency of the ~ input signal.

MISSILE SEEK ER DIGITAL PROCESSOR (MSDP)

Tile MSDP com isists of a CDC-469 computer integrated with a pre- and post-processor
PAPP(. It interfaces with the missile sensor , the autopilot , and tile ARWS . and provides the

BRAZO fum iction s enumerated below:

Signal conditioning arid processing of sensor outputs ,
Frequency SEARCH .
Parameter tracking.

Angle tracking.

1- requeney tracking (AFC ). and
Missile guidance commands.

‘[he MSDP receives video signals from the II processor. These video inputs include
monopulse pitch and yaw (~~P and ~ Y ) to determine the angular position of the received
target signal. The amplitude of ’ the signal is determined from the sum video ~~ L The fre-
quenc~ of t he signal is derived f’rom the output of ’ the discriminator t I) ISC) and the coarse-
frequency output (~~I ( i s  tested to determine if the sigmial is within the bandwidth of the
discriminator ’s output f ilter. A block diagram of the MSDP is shown in figure 13.

PRE- AND POS1’-PRO(’ESSOR PAPP) FUN(’TIONAL DESCRIPTION. Tile PAI~P
perf ’orms A/ I) and 1)/A conversions , the input/output signal processing, avionics interface ,
and the autopilot interface. The input signal processing includes:

Analog signal conditioning,
Target validation ,
A/ D conversion , and
Data storage .

The autopilot interface includes 1)/A conversion and amplification to drive the autopilot F
and the antenna platf ’orm servos. Ihe avionics interlace consists of a ! 00K-baud serial-
paral lel interface f~ r message traffic between the ARWS and the MSDP.

1 
___________ 
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I

~~~~~~~~~ 
BIU 1

1Jfr
L

ARWS I
Figure 13. MSDP block diagram.

PAPP HARDWARE DESCRIPTION. The PAPP is made up of the following eight
circuit boards located in the chassis as shown in figure 14 :

Analog I.
Analog II ,
Ana log III,
Timing and control ,
Counter logic,
Arithmetic anti logic unit (A LU),
FIFO, and
Test hoard,

‘f hc tests for correct frequency, amp litude , and main-lobe reception are perf ’ormed on the
Analog I hoard. The signals which arc processed are shown in table 2
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PAPP TEST
_________________ CARD

-J
0a:

a:
~~~~o o~~~~~~~~~~~ D O
-J CDC.469
Z 2 w 0
4 4  < ~ 0

TM , AUT OPILOT
SEN SOR AND UMBILICAL

Figure 14 PAPP locati ons.

TABLE 2. ANALOG I SIGNAL PROCESSING.

Signal Designation Name of Signal

~OMR OMNI real aniphiiude .
OMNI image amp litude ,

~l’1)h . ~Yt)F Pitch . vass nlomiupulse angte s i e i ta l s .

IF outpu l ~~arse frequency).

Sum amp li tude ,

DIS(’ t)iscrimimla tor ouI put (fine frequency).

Receiver quantities ~ l 1) 1 and �~I)F are conlpared against thresholds set by tile (‘DC-

469 computer to determine that ti le signal has the correct f ’requency and amn pl it tide The
incoming pulse is tested by comparing the ~ I)F sigmial with the ~OMR signal, If ~ 1)F ~~

“ ~OMI ,
the signal is from the main lobe. Ihe ()M NI real sI~~i1a) is conlpared to the ()M NI image for

image re~ection. I a pulse passes these te sts an A 1) conversion c~ d c  is initiated . Receiver
(luantiti cs ~ , ~ P, ~ Y . and I)IS(’ (1)1: or ( )M I ire digit ized and held in a storage register for
ac cess by tile AI.I.I .

Analog II  performs A I) cons ers ion of ser s 0 i n p u t s  and ser\ ~ as t he solenoid it r ivcr s
for the I) A converters of Analog III. 1 he A ‘I) comive rs i’ ’ i i  i s  contro lled hi~ tile (‘I)(’-469
computer. One of the 4 scr\ o input signals ( P-gyro . \‘-g~ in P-platfor m , Y— p latf ’orm ( i s

selected and a conversion cycle is initiated. 1 he (‘IX’ -4t~
) computer t heii ac c e ss es tile digital

data af ter  allowing suff icient time for A 1) eons ersion I lii’ analog plaf form—drive sigmlal s
fronl Analog III are ampli f ied to drive the pifch and ~ ass iiv~l r. t t ih i c solenoids wh ich posit oil
the antem ina plat form. [ he circuitry w il id il performs ti l is f t i t ict ion ss as taken di rect Iv froni
the A IM—7. ilie analog inputs . l~-O(JI and Y-OUT . are ampl i f ied  and drive the 4 solenoids
P SOL I , P SOt, 2. Y SO[. I , and Y SOL 2

Analog III contains the (i I) ’A output channels. Each cllannel has a data register and
a 1)/A converter . Tile (‘l)( -469 enmllputer ~iddri’ssi’s eac h cllam lile l 1w tIle designated channel
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address amid the 1)/A control hit. File digital data store d in tile data register are converted
to ana log and proceed to Analog I I  for ampli f icat io n .

The timing and control hoard produces all clock pulses , initialization t iming. and
contro l codes , and contains a program counter for the MSI)P. i:or low—frequency clock
pulses , a low-frequency clock is divided cIOWU to provide clocks wh ich are multiples of ’
300 Hz. The high-frequency oscillator provid es clock pulses of 20 MII,, 10 MI!,. 4 Mlii
and I MHz. Initialization timing and the program counting arc’ provided by a pr()gram mahlc
counter. Combinations of t llc ’ 2 counting c~ d es provide various timing signals. ihe control
codes which spec if y  all A l t .’ operations and various con trol com m ands . are implemented by
two I ô-hv-4 RAM, a 4—hit address counter . and a start  stop count fli p—flop. ~ lIe co ntro
codes are init ialI~ loaded from the CI)C-469 computer.

The counter logic contains 3 sets of counters : PW counter . t imc ’-ev ent counter , m c i
Ihe I’Ri counter and interrupt logic. The PW counter is an 8—hit binary counter counting
the duration of the PW using a high-frequency clock. The output of the PW counter is

strohed into the PW register amid the 8 hits of the PW register are connected to the 1W ()M R
comparator output and used as a flag hit. The time—event counter coun ls at a lower f ’requenc~using a 1 6—hit counter. Time event is the amount of ’ time between the leading edges of 2
consecutive s a u d pulses. The PRF counter amid interrupt logic keep track of PRE ON and
OFF and send an interrupt to the CDC-469 computer and the arithmetic and logic unit
(A LU) at appropriate times. These interrupts are used in the A LU to initia lite the integra-
tion process,

The arithmetic and logic unit (ALU ) pert orms pulse validation and integration h~
successive approximations. The ALU f’irst compares the f ’our digita l receiver inputs (

~~P.
~~~ PW. DISC ) with thresholds set by the (‘DC-469 computer. If all pulse parameters are
within the thresholds , integration of the receiver parameters begins. Extraneous targets are
f iltered from the integration cycle. The operations perf ’ormi’ted by the ALU are shown in
table 3.

TABLE 3. ALU OPERATIONS.

~ (V R) .~
_ \ ’ ( ’S’R)+ ~~

~

y~~~~~Y + ~~Y ,

~ PW~~~ PW + PW ,and

~ DISC .- ~~t)t SC + DISC.

I hese partial sums arc stored t’or access by the CI)C-469 computer
Tile t’irst-in . first-out (F 110) unit stores the digitized samples . R. P. Y . l)ISC. and the

time-event count ( 1  i- (  1. It also provides t he serial interface for the MSI)P t o the BRAVI
the digitized parameters f’rom Ana log I are each stored in a data channel. ‘File FIFO output
is an 8-hit word with 2 words being used f’or the 1l(’ .

The eighth PAPP hoard, the tc ’s t  hoard, serves as the digital interface for the data-
acquisition system and the CDC-4(i9 computer. It contains differential line drivers and
receivers for noise reduction over the cables to t he test  van.
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(‘l)(’-469 PRO(’i SSOR. The (‘DC-469 Processor c i ins is ts of a (‘I)(’-469 computer
anid i it s as sociated uI ilit sof t  ware. Tlic’ computer is coml fig ti rd’(l as a I 6—bit , fract ional t s~ os-
complement machine conta ininlg 8000 woi ds plated—wire memory . [lie com ilputer has a
I (i—wo rd. 16—hit rc’g ister file , 4 levc ’ls of priorit~ interrupt , amid 3 a ddress modes . lIie com-
puter performs real—time target search . trac kiii~ , and target -id enl if ’ ication algorithms using
threat—fi le data from the ARW S a n d  real-ti me pulse parameters accumulated in tile PAPP.
It contro ls the operat ioni of the I’API~ based upon t bc c ‘iii miia nds fr o it i  \ RW S au dI passes
data to the A RW S for dispI,i~ . A description of the (‘l)(’—4 (~

) c’Oiil pI,Iter func t  oils in ti le
,irio(is modes is contained in Sec tioni 6.

FLI-:CTRICAL. (‘O NVERSION t] Nl[

The e lectnc al conversion unit I I- ( ‘U I converts available pi iss c i  I ‘Ill the SPAR R( )~
e lectr ical power unit I I PU) for use in tile BR \Z() seeker. Poss c i  f ro m the IPU to the
seeke r includes 100 \‘iic. 9 V at I 200 lIz . and +5() \d lL  [Ii.: ~~(1 ’  :~~i i s c i  t s this power to
± 5 \ dc, IS  \‘dc. and —2 0 \dc  for use by t he MSDP and tile sensor. Minus SO Vdc is
generated in the 1~(’U for  use h~ the BRAZO se eker.  lahle 4 s lioss s the AIM- 7 E and \IM-7
BRAZ() power requirements

TA BLI 4. AIM- 7 F-2 ANI) AIM- 7 RRAZ ( ) POW I R RFQUI RI MINTS.

A I . M- 7 1-- BRAZ()
V O IT\ G i  

- 
( I R R I  NT \ )  V O L T A G E  ( t I R RI - N i  ( A

(SQE IB FIRING) +
~~~ (SQE’I B FIRIN(,)

V.i~ I 200 iii . 2 ~Ii,ise 2.2 per phase “) Vac. 1 200 lIt , 2 phase 2.2 per phase’
11 5 Va 4(1(111, (III AT ER) II S Va~,400 ii, (Il l’AT LR)
+“ c  V~i,. 4 ’S  +2’ s Vdc
+ ‘~() Vdc 0.1 +~ () Vdc (( . 1
—1 00 ~‘~k U.0~ S —1 00 Vde 0.0’)S
+ lOO Vdc 0.173 + IOO Vdc 0.173
—2~o Vdc 0.03( —20 Vdc 0.251 )
+2 c 5 Vdc 0.Iq2 + 15 Vdc O~ l 5 ()

— l S V i j c 1 . 1
+5 7 .6
—5

TEl EMETRY UNIT

Th e  ( 1  U—S contains a muoditied AN/ DK t —30 telemetry (TM ) unit. A f umlct ional
block diagram of the telemetry system is shown in figure 15. For BRA’il AC tesf in g . t h e
su m ming  network output will h1’ connected directl y h\ ca b le to the test sai l .
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FigUre 15. Modified SPARROW TM unit.
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SECTION FOUR . BRAZO AVIONICS EQUIPMENT (BRAVE I

Iile BRAZO avionics equipment installed in the BRAI F  AC I:_4 B aircraft consists
of the  following maj or elements

ARWS radar-warning receiver ,
B RAZO intc ’ r iaec ’ 1110(1 tile.
Weapons-control s~ stemil ,

l ire_ co ntrol radar , and

Ai rcraf ’t ii isp lav s and contro ls .

Relationships between t h e  elements of tile aircraf ’t avionics and BR..~/( ) are indic ’atec i in
f’igiire I ~~ . 

I I T  DISP LAY ~ U”’ S

KA ‘1-

F - SE - }
~ P 5 , , I 

.‘—.* o - • i ~:‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~DAR ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_

AP1~.

—
I

____ 

I i~’ t i  ie ’ Ili A vionics ii i’ r I i.t I iiii~ I i~ ui,,l ~ic ’’ ~ I p i i ‘ii -

I
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RADAR-WARNING RECEIVER

I)uring BRA! I- A( testing, t he advanced radar ssarning sys tem (A R W S )  is used as a
stand-in radar-war miing receiv e r ( RW R). The ARWS is basically an AN .\LR-45 R’ c c ’ i %t ’r set
coup led to a digital p cessii r ( f ’igure 1 7 ) .  Tile digital processor used in the ARW S is  Applied
leehiii i ihog~ 

‘
s A cts  a i t c s ’d (‘oiilputc ’r A I A(’ I. ARWS ilas two  mapor f’unc ’ t b u s  radar w: ir i i i ne

and BR \ / ( ) ~is Ionlcs pniccssi ii~~.

DIGITAL - PROCESSOR UNIT

XTAL
VIDEO I - D I SPLAY
RCVRS I ~ DIGITIZER ATAC ELECTRONICS

-- (ALR - 45)
___________ 

I PULSE _________________ _________________

_________ _________ PARAMETERS

CR T
MODE AND
CONTROL

STATU S U N I T
Di SPLAY

Figure 17, Radar -warning receiver ,

RAI)AR -WARNIN ( I- UN( ’FION

1-or radar warning, tile A R\~ S uses an a inplitucie , monopulse. direct ion—finding (1 ) 1- I
s ’. st c i i )  W ilich util izes four quadrant antennas , c r v s t a l - s i d c ’o rec e iv e rs , and digital logic . Tile
I )Iit~)ti t ( i f  cacti antenna is passed to a 3—b a u d c r ss t a l - v ldc ’() rc ’ce iver , and the pulse outputs
fro m these rc ’ce ivc ’rs are digitized and compared in the digital processor. 1’Iie processor
kee ps track of the signals in all hands and provides input of azimuth and aiiiplitudc to a ( ‘RI
wit hin 2 se conds al’tc ’r i ts  f i r s t  detect ion.  Threat charac ter is t i c -s an d angular position are
prc ’se mite d in t hc’ form of a sta b le , prioritize d , al phanumeric ’ d ispla~ on tile A RW S (‘Ri . -\

roug h appr oxi n iatm o m i of range is made iisiuli.! tile s IL’ i la l  strength of t h e  ic ’ c CRcd i siguials and  Is

displayed . I’Pl-st y le. on t he hearing lines .

BRAtO AVIONI ( S h UN(1 IONS

AVII  lilies processing for BRAZ() is performed hs a sec - I ion of s o f t  ss arc ’ ill -\ I .\(
called the BRAVE Avi i  i I i I c s  Proces s o r  I BA P ). BA P ass e m b le ’s and nlaim ltains the BR .-\ I( ) svs-
(ciii f u n  k f i le km low rn as tile Active I argc ’ i ‘I’ahle A l I . implements operator direct is c ’s fo r

~ 
s t c u u i  mode changes amid tar get  s c t c ’C t iou l .  and dispI.i~ s RRA/O —delee ’ted e m nit t c ’rs on lile

ARWS disp Ia~ . I)eta ils of the HAP s o f t w a r e ’ ire ’ conl;iiiic’ d iii S e c t i o n  5.
I t ic ’ I c’s t Van at B RAi l - A( ‘ contains a ~ic ’v i~ c’ which performs f u n d  ions sun ilar to

t hose of HAl’ f o r  t he purpose’ of ’ te s t i n lg t h e ’ BRAZO missile without h,is ui ig to Us~’ t h e ’
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as iOflics Oil hd)ardl (lie , iu rcraf t .  Ib i i s  device ’ is also referred to as BA I~ I BRAZ () Avionics
Proccssor . 1 i distinguish hetwe’emi these two systems , the BRAVI-  Avionics l’roce ’ssiir ss ill
be referred to j s Al A( - ‘HAl’ signif ’ying the software implementation of BA!’ in the AI ’ A ( -

proc c’ssor . The latter ( BRAZO Avionics Processor) , which is dmscussed in Sect ion 6 . will
he’ referre d to as the (‘l)(’ HAP.

I A( PROCESSOR

ATA ( is a m’noeIular. coiiip.iet . high—speeel , digital processor which perf ’ornls elata-
proce ssing svstemli coui tro l f ’unctu oiis. A l  A(’ util izes a nhicroprogralllnled . wide—data—pat  Ii
i11icromemuor~ . It is a I 6—hit parallel . stored i program , two ’s—comp lement computer wi th
imistruetions w hich have a variable f ’oruiiat and can directly adeiress up to 6553 6 ss orels of
memory , with direct , immediate , relative and indexed addressing modes. The proce ’ssor
com itains 16 general-purpose register s which may be used as accumulators or as index regIs-
ter s , thus elimiiinating much of the memory accessing required for single-accumulator
mac hines. [he proc’e’ssor a llows Up Iii 4 bidirectional direct menllory acces s ( I)M A ) cI iatut i e’ls
which independently operate ’ at a data rate’ of os c r  I . I M ii,.

BR AZO INTERFAC E MOl)ULE (BIM )

The BRAZO I n t c ’rf ’ace ’ Mod ule provi de ’s t Ile required int e rf . t ce ant i fo rmat  conversion
hetss e’e’fl procc ’ssors and of h er  elements of the system.  The inte ’ r t a e c ’ block eliagrani i s  shown
in figure IX .

‘I’hc’ hulk of the interfacing between ARWS and t h e ’ BRAZO s\ s tem 1 MSl )P. AP( _) - ’ 2 .
B(’P) ta ke ’s place via the link he’twee ’n the ARWS and the HIM with all inf ’ormu. it ioui t r a n s f e r s
eont ro Iiedl h~ ARWS. lnf ’o rmna t ioil transfer from Ah <WS beg ins w i th  the I ( ) demand signal
which define ’s , for the HI \1 . thc time ehurmng which diata andi c’omniamids from -\ RWS are ’
valid auc i which strobe ’s data into the ’ interface registers. The HI \1 sen ds hack an I ( 1 acki ios ’, I
edge’ ( I ( ) A(’K ) svhen the data bas e ’ he’e’n re ’cc’ is cc i  am id t lie’ I ( ) de’nnand us Fe ’Sc I P lid 1 Ic .11 ing t Ic ’
eml d of this particular data tr~’nisaet iom1
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I cure IS . BRAL() ni l e ’! f a c e ’ t u iudu le’ blo ck diagram.

A RWS-\1SI ) P I) -\ I \ I- \(  i l ,-\ \ ( IS

Mess age ’s hetweem i thi e AR %~ S and MSI)l’ ,irc ’ lormn.i tte d into •X - bi t  bs t e ’ s .incl 4 U—b~ tc ’
messages i n c l u d i n g  3 by te ’s of ‘‘overhead’’  for II) ssor ~l . iiti iui hc’r of t~s tes f i - l loss i ng . ant I
c he’ck-sumll word. I lie ’ eum item it s and times I uIle’ss agc ’s .i ic clc ’te rn ii m ie d li~ A RWS so f t  s’. .i u c
I lie’ t hreat—iii oele l table is sent  in 4t ) -h~ Ic ’ messages . I I~us , if 3. ‘~ t l u u c . t t  models v. c r c ’ e lese r ibc ’ci

i i i  the f i rst  40—byte mnessage’ . the ’ s e e  r u t h 40-h~ Ic u l i c ’ssag c ’ ss I ‘ i i l th sI .irl ss i t Ii I he’ nii~fdle ’ of t he
~~~~~~~~~~~~~ fourth th i r c ’ ,it m odel. I.ink—e ’ rror rate i s  conitrt ,lIed h~ the’ ehe ’e k’sUIll ,lfleI , le knoss l e d g e ’ lot

ac km iow Ied ge process . Ose ’ r t losv s .irc ignored im i the lIc e k -stu n generation process I lie ’
hiand— elown track number auid param lle ’te rs ul ue ’s s t g e ’ is ,i Iso t he I R A( k c-on imuand . When
MSI)F’ da ta a I r u s e ’ , .i ra dar (AN I ,.\l’(,)- ’ ) ii.it,i ele’!1i~ili(l oct  urs f or A N -~PQ- ’72 \ISI ) l’
e urre’laf ion

\le ’ ss.igt ’s w il l el l  can he’ tr a nsmitted between the A R~ S anti t i l t ’ M Sl) l’ are ’

‘I hlre ’aI ‘mode l table ’ ,

I T c ’ q i t c ’ rle~ ‘co iitro i ta bles .
larget parameters .

2 7



h and—down tra c k niumher and parameters .

Position head.
(‘.at e ’ se’I .

A(’K and

S ire ii

I rac ’ k anti Ian nchi . and

Stat u s .

A R W S  AN IAPQ~72 DATA l XCIIA N( l-

Message s which are to he sent between the ARWS and the AN fA P Q- 72 v ua the HIM
m c i title:

At and El target position to ARWS .
At and El am itenna positions .

Target range t o A R W S . and

Target-range rate ’ to ARWS.

If the data are ’ to be sent to the APQ-72 , t he BIM will generate an interrupt for  A R’~ S.
AR W S will respond by sending BIM 2 byte s of iniormatlon . eac h with a cOflln)aiiei wor d
ele’f ining that information. Numbers I and 2 are give n if the hanelof ’f target i s  an A R\~ S-
foum i d emitter.

When AN A PQ-7 data are to he sent to the ARWS . ARWS outputs an A I) conve rt
hid to the BIM, i’he HIM converts the analog data from the A N/A I’Q-72 , and f i l ls  the I l l( )
output huller svith the resulting data words , anti interrupts ARW S. in re’spo ilsc , ARWS re’ae is
t hc’~c’ ~s oru is in a predetermined order as fol lows: ( I )  aiinltitli. ( 2 ) e levation . (3 1  range. arid
( 4 )  range rate.

ARWS -BRAZO CONTROL i’ANI’ L ( BCP) i)A’I A I X (’ i lA N( I- S

ARWS -to—B CP exc ham ’iges via the HIM d eal with i mode conimilands and status, I’ushl ing

a mode—commnan d but ton  oml the BCP e’auses a I3RAZ() mnle rr t i pt to be generated ant i se t s one
of hits 4 to 7 in the s ta l  us word to ARWS. ARWS read s tile sta l  Os sso rci and performs t h e ’
indicated mode change. When this ilas been acconiplisiie’eI. ARWS Se’Is ouie of hits I to 4 of

—~~~~ i t s  s t a t u s  word 2 amid outputs this worth to the HIM. The HIM , in turn , sc’ t s  a MOD E—status
hit in its register Wh icil controls highfs on the B(’I’ . caul s ul lg h i t ’ appropriate mil ode —statu s inch —
c a f o r  to hmg ht.

WLA PONS-(’ONTROL SYSTEM

lhc ’ 1 4Ff Aero— I A weapons e’om itro l svs t e ’ iu l  c o i u s u s t s  u i f  t i l e’ following major groups of
equ ipmnent - A i~~/APQ— 7 2 radar se ’I , cw t ransnlit ter , I .irgef - intercept computer , and I l i i s5 i i c ’ -

firing circuits. A functional Hoc k diagranl of tile Al - R( )— I A M(’S ( le ss the lllIssul c ’’f iriilg
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circui ts )  is siiowm i in figure 19 . ‘rile AFRO— IA has been modif ’ied to disp la~ t he prior it ize ’ei
BRAZO targets , to acquire a designated target either mamiuaily or automat ica l l y ,  and to pe r-
form the initialization and computation necessary to launch.

DOGFIGHT ~~ RADAR

___________ COMPUTER
R A D A R  SET ______________ 

A I R

AN/APQ - 72 
~~~. T A R G E T  ‘~~~ COM P U T E R

~~ INTEPCEPT
COMPUTER DISPLAY

CW XMTR
AND

RADAR MOD

Fi gure 19, Functional AFRO-I A block diagram.

FIRE-CONTROL RADAR

The AN/A PQ-72 (‘ire-control radar provides a search and track capahilit~ - It is capa-
ble of range amid angle tracking a target when lockon has been accomplished. A lloulie-Oii-J;iiil
moeie can he used ifja ni nii ng is enc ou nt ~ reei while locked on, The A N/A PQ-72 uliar he locked
on the target by manual or automatic positioning of its acd luis it ioml symbol , and range-stro be
position data can be generated in t u e  BIM f rom BRAZO tar get data.

Once the AN’APQ-72 radar is locked omi the target , it provides ai im ut h and elevation
data to t he ARWS (‘or correlation with BRAZO data. If data correlatioui is correct , the
operator is inf ’ ormed via display. If inc orrect , the operator swi tches the AN APQ-72 back to
t i le ’ acquisition mode and manually repositions to a miew target.  One output of tile BRA Ii ‘U’
Svste ’mn tests will be to determ u ine if automi latic repositioning is possi b le. ‘[lie AN ‘APQ—72 h a s
he’e’n uil od if ied to provide antenna—posit ion data , acqu isitiom l and raulge ’ -sI ro be position data
f rom an external  source , and a lockon indication to the ARWS to in i t ia te eorre lat iom i
processing.

l)ISPLAYS AN!) CONTROLS

The BRATFAC test program util izes ex is t ing wea pons -system controls and disp Ia~ s .
‘[lie AFRO- I A weapon-control s y s t e m  (imicluding the AN/APQ-72 radar) controls amid dis-
plays are supplemented with a BRAZO Control I’ane l ( BC!’) amid A RWS comltr o ls and disp la~ s ,
ie . mode control and i s ta t  us t i nit (M(’SU) and the ’ ARWS (‘RI.

‘it)
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lilt’ front pauie i o! t I le ’ V (  SE ’  us s liosvi i iii f igure 20. ‘I’lie’ search . trac k, and launc h
t u b  b u s  u t  BRA/A )  e, iI:r i : i t  h e  in i t ia ted unf i i  the BRAZ() button oii ti le’ M(’St is  d epressed.
I .‘ siuli ! t t i c ’ i~~l< \ / ( ) i’ iut omi a t l ~’I t i le ’ -~ R\~ S i~ p.uss e ’ m c -d on and the BRAZ () threat card has
l’Cc’i ~. Ns t i Iu t t e d f ’

~ r 1~~ I ‘\ 1~\\ S .ini , . ~ ‘ u :p lisi - s ~ ,ie lions

I’ H ‘~ A / f  ) e’ i l I I t  t e l  iihrar~ I’lirc ’a t- Moele’l anei Frequency—Control lable ’s are rea d
in[o tile A RW S and iniilled iatc ’ly trans nlit ted to the MSI)l’ and are’ riot reta i m ie ’d ill
A R W S  RAM ,

I hue HAl’ con~ t ami t s  are read into ARWS RAM f’or later use , and
‘l’hIe ’ H RAZO interrupt is enabled, Prior to pressing the BRAZO h u t  tori . wi thi t i le ’
F3RAZ() 51( 51) PROM card in place . no BRAVI proeess imig can take place.

‘[lie’ Bl’I (built-in test ) light on the MCSU is act ivated for error modes in ARWS. A BIT e rror
flag will be set if, a f te r  the ARWS attempts to send a m essage 10 t imes . 10 c u ) nsc ’ c u l t i v e  NAK’ s
are received.

H ~L~R fl A A A  BIT fl BRAZO fi 
~~~~ U

Figure’ 20 , Mode control amid sIaleis unit
I or BRAZO opera l iom u.

A RWS DISPLAY

The ARWS (‘Ri’ use d to display c ie tee ’te d emi t ter s  is showui in f i gure 2 1 . Preseiltat lon
of ARWS — detecte d emitters is hibi li te ti In the simig le h ig hest— p rn) r i tv threat .  Thus e mi t ter  will
a lsva ys he marked wi t h a diamon d e’nh an ce ’ ni ent symiihol. As Il l a uu \ as 1) ot her emitters , all
BRAZ() ta rgets . will he displayed. TIle highest-priori ty BRA/ ( ) ta m ge ’t will “c’ uiiark e ’el withl
box e’nlilance mT iem i t symbol. ‘l’he target so marked us t he one w h ich will he handed off ’ to t l ie ’
B RAZO missile ’ wilen 1’RACK mode is conlnlanded from the 13( ‘P. The operator / pilot uua~change the miiarked tar get by switch ing to 511 -  P on Uie M(’St.l. Each t ilil e’ this switch is
prc ’sse ’d the next  lower— priority targe t wil t he mliarked with tIlt’ em iha u icenie ul t s~ mhol. Switeh i-
im ig to RI - SI- I will place’ the box hack on the h ig hest priority tar ge ’ t .  Pressing ti le PRIORITY
but fomi wi ll cause tile number of BRAZO targ ets displaye h to he’ reduc ed f ’ronl 9 to 4 .
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©
Figure 2 1. ARWS disp la~ .

BRAZO CONTROL PANEL (BCP

The B(’P ( f ’igure 22 )  enables the RIO to control all BRAZO operations during HR S
FAC tests. Air—speed and altitude potentionieters on the B(’P pr~~ ole ’ control ,‘if the ’ air clat .i
simulator,

CLEAR— 

~~ £3 T G TC O M

SEARCH — 

~~ 
“ — NOTARY

TRA CK— —~J~ ~~
LAU NCH — J~J] ~~~~~~~~~~~~~~~~ LST THK

025— 
~~~~~~~~~ 

— 0 0 1

X I OK NO T S X 100 FT
AIRSPEED ALTITUDE

Figure 22 BRAZ() conirol panel.

3l



AN A PQ-72 (‘ONTROI,S ANI) 1)ISPLAYS

The svulih ”o log~ for the A N - A PQ—72 se’a rc lu . acquisition and track mod es is s luoss ii in

Ilgure’ 23. A C Q U I S I T I ON SY M B O L

STROBEB - SW E E

, ,

~~~~~~~~~~~~~~~~~~~~~~ ’ 
C O M M A N D

ELEVATI ON STROBE
HORIZON LINE 

R A D A R  T A R G ET

AN /APQ - 72
SE A R C H  MODE

ACQUISiTION SYMBOL 
R A D A R  TAR GET

HORIZON LINE
ELEVATION STROBE

RANG E STROBE 
E L E V A T I O N  COMMAND

STR OBE

- SW E E P

AN / APQ - 72
ACQUISITION MODE

RANGE RATE CIRCLE

R A N GE STR OBE / A I M  DOTA N D  T A R G E T

R A N G E  R A T E  GAP

ELEVATI ON Si ROBE
HORIZ ON 

LiNE d 

COMMAND
RA STROBE S T R O B E

R M I N  STROBE / \ \\ H OR I ZO N L I N E

B - SWEE~~ 
\ A S E C I R C L E

AN / APQ - 72
TRACK MODE

Figure 2 t - AN/APQ.7 2 display syrn h ifog~ -
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St’ (’T ION 1 - 1 5 1  SOt l \s -S RI

Tti c ’ hi R-\ / (  I sS skill und er t es t  c i i  ua in~ 2 main pr ci c e ’ss c rs t hc’ 5151) !’ ss huch per-
I rru’ all of th~ BR A/ U f unc lR ’ r ls  and the ’ AT -\ (  ech ich p e r f o r m s  the ’ BR 5 5 1  t u n 5 l i , c n s

are also 2 support r r k e ’ss t i r ~ at BR A l  I -Sf -\ T es.u x l rust ru m e ’ n ts — Q ~
)l 1 1 l°°uH ~~~~~~-

t t ’lll . Iti~ .iIe ’ c i in the te s t  an , pe’rtornis ~I:ita ’ .ie quu i ’ i i i on  intl rc ’ l u i ,  i: f l int - I ro ns . The ’ l~~t l , c
\ , c l u l u s i l m o n  S\ “kill I h AS )  N ehi s c ’ t l sse ’cl in S e c t i o n  0 Als o I,’ ic ,uleei in the ’ t est van s i l l

h l u l e I _ s ( ) 5  s \ s l c i l  whuch s i l l o i h i te ’s the BR A\ ’ I  t o n  lion’ in order i ,iII,’i~ oj~c ’ r , l l i cc n  of th e
\1SI)P s s u t t r ’i l \R5~ ‘s support, [his proce ssor  I s  di~ iiss ’d ri 5 - , Iron ft I he sc if lc~.ur

~ hi ich is re s i de n t ui the’ ( ll( 4 1, 1 \ lSl)P S ’ ’ t t V , ,ire ’ ) ~mJ the ’ 5 1  \ ( ( \ RV u  S 5 ’ t t s s i i r c ’ )  us
J j s . i~sse ’d in the u ’ l lowing s e c t  t i l ls ,

\ISI)P SOFT%% ARt-

‘l”he ’ Cl ( -~~‘ mIn icom puter  in the 5151 ) 1’ pu ’ r lo r r ns 3 tul l le’ti,’fl’

S.’ ,ur~ he’s I or t h re a t  pu lse ’s and uiiatch~’s them s~ tll I hrc ’ :u t Ill olc i ’
Si -\ R( H Proc e ss o r ) .

Performs pulse’ lou. king. ,ingle tr ,uc king anti targe t l’~c L i i

- f 
~ Si K l’i ‘~ e ’ ss , I anti

Pe’r torms I ~~ ki ng to rn ’s t ie  au top i lo t  s t c ’c’ ru bici e- ’”niuiian ds
I - 51 \ (  Ii l’r c ~~ ’.’, i  u

I c  HR \ / ( I  S ipe’rsisor ro ut i ne  ,c~ c ’ rse ’e’s the se 5151)1’ s t t \ \ , u r c ’ iliOtlUlc ’ s iiiui c ,t I I ’
t i t h e  u r rut i ne ’s I c c  haneile’ coni mamids from the ’ H A l ’  a n d  f rom the P 5 h’P. ( omnlands I r c c i i t

I ilcse ’ e S  te ’ rnal sources .ire receive d as i lite’rrill~ts \~ en all i n t e r rup t  u s re. c r 5  c c i  - cOi l  I rol ‘‘~
the ’ pr ’ce ’ssing is t r .u i : s ier red to  t h e  .uppr c pl i.ik ro ut ine,  h t u i s  rout ine ’ u s de’ n , ’ru rrnit ’d bs the
les ci u c t  i n ter rupt .  ihie lowe s t  priorit \ i i ite ’rnlipl is the PAPP lil t c ’rrupt ss thi l ire B SI’ in t e r ’
rupt sc’c , in l in prior l tr  - lilt’ h ighes t  i’ ir iorln~ Interrupt  i~ .i clock in te r ,  opt ,  lil ts rl ter u u ipl

c ‘Old ’s tro m ami c’S t erna i cloc k ever~ 2 niui i i se ’ c uc ncis anti is use d i c r  I h Ill rig.

SI A R ( ’ h I  PRO( ’l 55 ) )R

‘l’he SI AR ( ’ l i  Proce ssor  is es pons ib le - for s u u \ e ’\ l i e  t he f l l rc ’at ’ par ,t i l l e ’l.’ u  s i ’  C ’ I l l  Ilk’
1) 1 ehr a nne’l it the’ re’ ce ’ l s e ’r f ’oi t i re  presence of t a rg c ’t r Ise 1 .lrge ’ Is sshu ie hi .ire’ f , ’ u i uuu l  b’~ the
SI \ R( ’ l h h’ r i e e s s i u  a re ’ re ’ i ’ i i m ’t e ’d t u i  t i le ’ HAP u I  e l , i s s i f l c , i t u , i r i  and t i I t ~~-~ rdt ’n t i t i ,,a t i o n

‘I RA(’K I’R( )( ‘i- SS(

hlie I I’~ ‘\( K Proc e sso r is rc ’s I ’ i u i ns l ic l e’ for pu lse ’ t i , i c  k i r i er  intl t .oge ’t htic k , c u i  ~k I u e ’ n u t h u c
B- S I’ e ’ , i , u n iu i u lc i s  t h e  \ISI)I’ to I i i  Is , tIlt ’ l3R,-\/ (  f f u n k  f ’ i uu i ee ’ ss ( i l  is c -aIl ed i lpor u to f ind  ti le ’
target s p e c i f i e d  ~~ t h e  HAP. I I b i s  IS u t i l e - ‘ i f  th it ’ t~~rgc ’ I s  Iou i r u uh ill t h e  SI -\h ~

( It  ll io,lc’ ,ui~ h
c hlose’fl br th le ’ ui pc ’ m , i t o u  for Ii ic k u i u g  Vi hen t i le ’ t a rg e t is fount ] , pu lse ’ t i lt Is um ig Is ‘ ¶ c c  u n t i l
to i c ’ t a h r u  targe t loe kon~ then , angle’ t r a ek im i g is l’c ’ rf o rmc ’d . ‘Ihic ’ l’i, im ainc ’ Ie ’ i s  it t  Iii,’ t . i l e’c ’ t  iN’
periodically re port ed to the HAP f i rm  c o r r c ’ la t  ioru ss uf i i  A l  i , iu f . i r  da ta .

H
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LA IIN(’ II PROCESSOR

Tire E A t N(’ il Processor tracks the target ami d proVi (ie S steering coi l imilands to the
A uutopi lot a f te r  launch. Tire same pulse-track and angle—track routine’s are useti as in the
I RACK Processor , pulse track is used for target lockon amid angle track is used to drive ’ t ire
autop ilot steeri ng commands. Whe’n I At  N( ‘II mode’ is e’ntered . iarge’t paranuc ’tc ’rs and
Ime— t o— im i i pa c ’t are sent to the’ M SI)i’ tronl the BAP. A se’t of counte iow n t i tire and g a i n—

value pairs is also handed down and used to u pd ate ’ the s teer ing  gain t eu a spec i f Ic  value at
sp ec i f i c  t U l l e ’ s to provide t’iner autopilot control as the e’ouuite ltuw n tit i ie—tu ni l i lpa c ’t a pproac hes
/en).

.SRWS SOFTWARE

RVi R PRO(’ I SSING

RW R processing includes:

I hre ’.iI character i ,a t ion.

-\ uigu lar poshl ions and range of threat . ai te l

A R W S  displar dri se ’ ,

BRAVI -  l’RO(’FSSIN( ,

HR AS’ I processing inc h ti tle ’s

‘Ihireat f ile sent to SISJ )J ’

51, ‘lIe u,om i im rr a mi u ls to M SI )P dete ’ rrn i ned and t ra m rs f c ’rree l

AN AI’Q-7 2 duel BR .\ /,() target d a t a  correlated , and

A e t i ’,e la rge - i I able 1 5 1  I ) iuia inta ineu l .

I hue ’ s o f t w a r e ’ de’se rihed iii thus set ’t iom i is t i le Fl R S VI so f twa re ’ reside nt iii A I A( ‘, l’he A l  -S( -
‘

HAl’ programii is a sc ’p,lr a t e  - i n te ’rr u pt -ei r iv en element in t i e ’ -5 R\~ S program. W h en B R AS ’  I

proc c’ss imrg is riot being pe’rfor nie ’ei . RW R so f t  ss a re con f r i  ‘ is t i le ’ -S RWS ,

( 1,1-AR 5101)1- As discusse’d un Sect ion 2. 13RAVI process ing in t h e  \ RWS is
null uate ’d f”~ a ( I I AR niode cot rlmandi from ir tile M( ‘S E I, l b s  cause ’s an inte ’rrupt w hic - lu ha l t s
RWR proce ’ssii ’g and hegins BRAV I-  processing.

SI ,\ R( ii M0I)I’ . In SI ‘5 R(’I I mliode , the BAI”s main ltit ic’tj on is to t lia imit a in ailei
update the’ A I - l . nunrhe ’rin g f l i t ’ targets by priority, lilt’ A I A( ‘ HAl’ com nmua n ds tht~ SISI)I”
to begin searc il. t hen returns to normi ral RW R processing. Wht’ir tire MSI)l’ sen ds hack Paramil-
ete rs on tar ge ts locate d , A I A( ‘ 1 H Al’ c hecks paranie ’ te ’rs aga ublst  t u e  A l l  aiid assig n s prioritie ’s
to t ire’ targets. ‘I lie h ighest priority target s i~

) BRAZO and I RWR ) are entered into the’ 51 I

31



and displayed on the ARWS CRT, ‘f ire remaimiimlg targets , anti targets wh ich are suhseeiuientI~
huiriped from the table , are deleted f rom further processing. At ’ter each set of target param-
eters is d isp layed , contro l of the ARWS processing is ret urne d to the Software Su ipe ’rs iso r
unt il another MS1)P in terrupt or mode change.

TR,-\(’K 5101)1’. Whre n TRA(’K mriode is comunianeieel . t h e ’ A 1’ -\( ‘/ I3~\I’ se’ne is a nuodie-
c hange’ bue’ss age’ to the MSDP, then searchles the A I”I’ aird hanels elu iss n tire h i g h est -pr ior Ity
target parameters to the MSI)P. If tire MS1)I’ cannot timid tire target .a ’’ not—foun d liles sage’

is sent to ATAC/ BAP, and t h e  process is repeated w ith tire next highest-priority target - 1- ac hi
t u lle the ATAC / BAI ’ receives target parameters t’romir the MSI)P , it update ’s its  target inf ’ort ria-
tion f ’or AN APQ-72 correlation , If the ATAC/ BAP receives a ‘‘los t - t a r g e t ” sta tus  froiri t ire
MS L)P am iti the lost target was tracked for less than I second , the ne\t priority target svi ll be
sebit to the MSI)P t’or tracking. If a target was tracked for  more than I second bet ’ore being
lost , tire ATA (’/ BAP will dump the old ATT and return to SEARCH mode’ .

LAUN(’Ii M01)1-’ . W lren LAUN(’H mode is commanded , t ire time-to-impact and a
trac k-loop gain versus time-to-impact table are compuited h~ the ATAC/ BAP. These data
are sent to t he MSDP along with a LAUNCH command. When angle lock is achieved h~’ t hle ’
SISDP, t he operator will he int ’ormed via an inehicator ligbrt on t he B(’P. W hen the missile Is
fired or angle lock is lost . ATAC/ BAP autonratically returns tire sys tem to CLE AR 

mu)e ie.3



S 1’ ( IION SIX , INsTRU\1 I- N r , -\ rIoN VAN

[he instru i i l lenl tat lon \~in, elnue’nsione’d S t e e ’t lc\ 20 Ieet * , i i i’ i iSc ’ s t h e  te ’st e’i iu iipmc ’nt

~1t55 e’l soli re c’s . u lis~ l.i\ s and ~ou tr , iIs . t tes t ’ condu ic tor  console , an d work a rea s  fo r  di~ t O
l e s t  persou ls I uN 5 , 111 is shoes ii in I ieu i r ~- 24
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~,J/ ‘‘ > O4rator ’s console
- 

Figure ~~~ Ins lruiile ’ u i ra ic ’ i i  V.11)

I lie ’ tc’ s t — e i i l l e l d l c t i ) r  console e’oil t~iins t ire instr t i mi ie ’n tat ion and c o n t r o l s  rec luireci i~ t b~e
tc ’s t ccui idtictor for  niotiitoring and controlling tile ’ BRA/U te ’st - ( )t hu e ’r tc ’st instrd i inentati on ,
suc h is t h e  data acqu iisit io i i  s~ st c ’ l l1 I 1) ,\S I . tar ge ’t sii ir uil ators , jaii r li l e ’rs . ti n ning equipment. I 51
record ing equ iip nme m lt. amid digital r e c o r d i n g  equipment, i s con t a i n e d  in a s e t  (if iiis trume ntat Ion
r ac ks near tire t e ’ s t—eo n u du ue I o r  console.

* I t u tot  = appm ox innale i y (I int’l ye -

-~ 
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1 ) 5 1  5 -  SCQUISIT ION .SYS’I’EM ( D- \ S )

fire BRAZU ull iss i le s\ ste’m an ei is~oci.ite ’ei av i ,) nui 5 equupment •ire hu i e h lv d ig i t a l l y
oriente d Pra e t ic ’a hiy all weapo n’svste ’un functions ,ire ’ n i t ro iled e’ i t Ii~’ r ¶c ~ the ’ RVu ’R pro~ e ’ ssor
I S i \(  I or the \ISI)P t ( ’ I)(’ -4U1)) ; com ’isee iuentlr - tu ~ : l t l ‘~s s le l i para m e t e r s  ire ’ Co ld e nie ’f l t l\
av a i lable at I ( )  p’ ’ r t s  l ire eii gital 1) 55  monito rs BRA/ I)  s \ s t e u i l  elj t . i  t r , l l l s te - r s i iet  l i r r lne .11
the B antI I) busse s t ie.  digital side of’ I) A antI 5 ( l )  c ’ ’ n u s c ’ r t e ’rs ) ‘ i t  t h e ’ 5 15 1 ) 1 ’  l iii on t h e

c ,jr, if Ie ’I s id e’ of tire 11151 as well as reference i r rs t ru nrrentat i o n ss h e r e ’ t est inpu it p.i r u n e ’ I - I’S , ire

is ,ii lable I lie’ para meter s ss inch are ’ nm cunitnre d. time tagg e’ci , iuid ne - c ’  ‘ rde ’d are sulli n lar i /e ’dl
Imi t a b le’ 5

I -SR I I 5, i )AS Ri-(’OR i)I~I) I ’ \R - ’~\i I II RS

- Mu )\ Ill  )RIN(; t ’OtN I J I)I( dl -\ L I)AT .\

AN APQ-72 IAR(,I T l)AT- \ (A / . I t  . /~t)S I)A I- S (SIMI I AU IiI) AIR-
Bt\ I R , R, LOCK - ON) SM- I I) ‘sN t )  A L ! t I t l ) l  I

ARWS TO AN :A h ’ Q- 72 I)ATA (A/ , I t  . Ml)P t o ARWS Mh-S SA ( , I  S
lIST , R)

-\ RW S TO \IDP Mi 55 5( 1 ~( I X (’l- I’T I MI A Nt ) Ht u

5101)1- iNN 1 t ’ i I t l S )  J I)I II’t 1 (O Rt Si

_ _ _  

FU’O - \  D~ DISCR~~~ P, ~ , P~~ It  I~~~~~~ O U~~i

1 R-\ ( K SI.OW -\ I) (P . \ - ,\‘RO, -SNI) l’LAT. l( )  1 [NI - PRI C “. 1 1
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\ i t  1111( 1 5111 ) 1 15

F, ‘i , t’\k 1)1St R

t o ) , liii MM 55 \ \

SIOlN I POSI TION 12.1311 \ / ! ‘ . I L ’ t i I  I \l ’O I ) i - R w I l) 1-C RI- i

I \ lU I.l S t S l t ’ l A I O R  I Ri 1)1 1 S O Y , h’W POW I-I R LI V I I S( - SN  R - \ l h

1 -St II( - S f I . A I A  I
S~ S I M l  - \ SW2 S t lNT l-RRI 19 -5/ . RANCh . -‘ci i t t  1) 1

I lie BRA h i  -\ ( d a t a  ae - qu i is it ion s \ s t , ’ un i  1 1) 5 5 0  I iIliire 2 5 u  us huii lt arouine l a I c \ , i s

lnstrume’nts ~90 10 minieompui te ’r w i t h  32 K words of ilie’bilc ) r\ - Fc’r iphl c ’ra l ed~u ii p mil e ’lit
l i e  bli t he ’s

S’ iu le’ u d i5pLi \ ter ni r ina l
I ne printer ,

asse t It ’ t er l i l  imral
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I 2(i . 1) - 5,S ‘‘ I , , I., eh i .Igrjnnn

I lie ’ v i deo chisp l.i\ ter nn im u , il . i c t ~ as a r e a l — t u l l e  m onitor of ’ d i iu! l t a l — 5\ st e ’ i i l  per to rr l ia m lee
ontrol of t ire D;\S i i ii\  ah~o C c ’ Ir a mi e tl c ’d hr this teri r l inla l, I e’st resd iits . ra ss -e l,ita l ist in gs , and

do c u i imr ent a t ion  a rc p r i n t e d  omr the line ’ printer of tire 1 ) 5 5  I Inc e) trac k ta pe’ elme antI l i m i t
,

Pr im l t e’r c ( ‘ T I )  l im i t  ‘( i i  Ch iC t ie’ s raw— e ial , i recording. printout. and 2 separate’ mileami s of re’e’on eiimig
Ie ’ s t— e i a ta  resu i lts a n d  clot iinirt ’ n ta t i ’ un  R,iec t j , i t ,i  antI test  results on magnet ic  t a pe ’ n r a  be
t , inn s po r tc -d e’dsi l’. to ot irer c o u c i l ’ L i t t ’ n s r s tc ’n il s t o m  lu r t h ier  data  ,iIi,il’, SN

I lie d is c thr ive houuses I ‘ ‘ u t c  H c- onmi p i le’r ari d a s c d t t v s ,iie’ support library . l ) at a—
retiuction sot tsc ,irc ’ may a hso re s i de ‘ ‘ r u  disk ‘ i i  ni i . i \  e u l e r  t i le ’ ‘,\ ‘ c lc ’lli d iii c.isse ’ t t e ’ tape or
ke ’r hoar d omi t h e  e , is se ’ t t e  tc ’ n nr i imi al lhi’ 5 , i lh ’ i \S s t i le ’ t I i t . i , rc ’e( ir ( Ie’el during a tes t  tia~ . II~ he
re u i i icc ’ii before ’ t ile’ uue ’c t  d,i~ 

‘s t , ’ s t s  Uuit pi.t i us t iu i g s  ire then asa i lable for ,i ‘‘quic k-look
ana lysis I)e ’f ( i re procee ding cc lii f ur t i re ’r t e st  t ug In ter fac ing cc itli BR’S II A( - s\ st e ’ Iui c’leiire ’ i r t ’ s
is ~icco nirphished e’as i h \  hr st, iiid,irt i I I’ l l ) )  s \  s I t u )  i u t t ’ I l i c e ’ e’onrponents s u p plied br I e’\ as

Inst ret iii ci 11’,

3()
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TARGET SIMU LATOR

I’hre URIS I I -  A( - target s itiiuilator co ns ists of h ardware wInch is huuilt hr Antekna. Inc.
‘fire urlajor co rnpomr ents of t h e’ s rs tc ’un a rc -

Slodiel 1 41 ~— I I , m uiu l tu p le—sc an pui se’ gei lerator.
Model 3400—05 . las t  -I n in mng source’ mi io i i ut l ator ,  and
\lc)e iel 7450 . co urtro Uer s ub sys tc n i r .

A si m plif ied block ehiagranr of’ t h e ’ target siti ru lator is sh own in f ugure 27 .
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I’ Igure ’ 2 ‘7 e e l  s im u r u i Ia ~ ‘ii ‘‘ill igui a

lire mu iltnp le— scan puulse ge’nie ’ r l t o r ‘c’ n l e r , t t e ’s scan an d pulse patter urs ree ld iureel I’
simu late sunrultaneoush y up to I (i pulsed ern u I te N It m r rar he prograurini reel hr t h e  I )A S
pr i )d c ’ssiir . tl sim rg a standard RS— 232 (’  um r terf ’a~e. to gcu i c ua te  pulses w uthr  I’RI of 0 5  to
6550 ps and pulsewidt hrs of 0.1 to 25 .5  ps. ‘l ire f ’ollosc lug scal i patter n s lia r also be’
programuire d using t’ixed or variable rates

Circular ,
‘rrack-wi rile-scani .
Conical.
Sc’ e tc  ) r ,
Raster ,

~~ Spiral. and
Palmrr er.

I lie’ t’ollowi rig mitod ulat ion modes arc avail ahie

l’RI slide.
Ran rdom m i pru ,
SlultipIt’—pos ition slag gc ’ m -

I’ulse— hurst grou p, ami d

t
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i’he source’ m odulator generates up to 1 5 different frequencies and I S diff ’erent r f
le ’~ e’ h s , I I tes e signals are modulated by the multi plexed scan-input signais and pulse trains
fro ur t h e  pulse generator to simmiu late tire pulsed emitters , ‘F ire source/ modulator anti pulse
generator are contro lled by tire controller subsy stem to create a ebetise ri em rvi ron nrr ent

J ‘c%I SIINU SIMULATORS

I hree jam i rmm uig simulators are available to BRATFA ( ’ to provide an I- ( ’M envir oul milent
c iurim ’ig se lecte d portions ot t u e  test program. Th ese are a noise generator , a serrodr nc
i c . t C c H j t e r .  and tire AN I) iQ-3

NOISE GENERATOR

The noise generator provides:
(‘ouit inuous noise with a bandw idt h of 5 MHi.
Blinking noise , 2 seconds UN . 2 seconds OFF, or 2 secon ds ON. I second OFF .

wit h 40-dB isolation ,
ht irer manual or remote tuning, and!
Adjustable Power to I (JO wat ts , ef ’f’ect ive radiated power.

SERRO DYNE REPEATER

This repe a ter prov ides :

Serroeiyne fronr 0 to 120 kil,,
Deviation time t’ronr 4 to 16 seci ii’ic hs .
input attenuat ion from 0 to 30 dB, auie i
Power of 20 watts ,

AN , ’ I)LQ-3

I his equipurrent contains a HU-200 digitally program riuired m o d ulator and ‘~ Is re- se ’)
repet i tuve . pu lse-re petit ion rate and duit y-e r cle progra nurs .

I lMl - -(O l)l- ( el - NI - RA ’FOR

‘I ire DATUM Model 91 50 ti nne—co e ie pc ’ ln e r at o r  is t h e  t ime’ stam idard tor BR .5 II \ (
testi n g I figure 2~ ) . [lie sugir ut ’icam it components of thu is  unit are dd’scrihec l in tIre to l locc I lip
paragra ph s.

_ _ _ _ _ _ _ _ _ _  
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t ue , i le ’ 2S I in d l c ’ - , , ’ e ld ’ gen~: n.uI ’ ’ r .

I1RI -. ()UI N( ‘Y S( )UR( ’l-

FIre f ’red ilienc v source is a crv sta i—coi i trol l ee h oscu liator or a I-SI h i  e’ \ t c r na l iiiIitlt

MINOR TISI l ‘Ot;\ I I  R

l hr is  unit 3 e’oui nrle ’rs) dns Id le ’s tire frequency of tire source’ signa l and eic~ c’h,’Ps I lie sed l I

terms an d rates r ,‘ d l iu l r c ’t h to eh ev c ’ Iop se’r iirl I rue—c u ie k ’ formr rats . [his d iurut also supp lies a 1 —p ps
signa l ec’I richi is uiseei to update ’ t i re mnaj or time counter.

MAJOR I 151 1 ( O E \  II R

I iris counter store ’s t i le ’ acc u i u mrum l atcd t u n r re couiuit. usually in se’ c O l T d s , nrinutes . h o u rs .

ami d eIa\ S I lie ’ ace u umu r u i late ’el cou iil( is t i re basis for  t ire l3( ’l) parallel output supplied hr t i l e ’

umi l i t ,

(‘()UN Ii R ( ( )\ l ROL

lire co unter c ou l i  rol is used to uiranua ll Sr i iehromiuie ’ the major t uimr e counter anti

~,,nms u sI s of sw i le l uc ’’, I’, s e lec t  and enter t h e  t imc ’ of dar li t ’ ’  tire im iaj or t u l l e  e’t) t inte’r-
Sr mre ’ hi rourui ati oi r wmt i r  rae huo s t at ion \~\~\ Is als i) a s a m l a h i l e ’ ,is anl uipt ion anti .ulh rs vs se ’ t tunr g  ot
( he (j rlit ’o_’ode ‘ c ’ T ) e ’ u , i I ’ ) r  to f l i t ’ i~~oau h~ . i s t  t ime ’ sta m re lard wit ir iu r air unie ’er ta i n r t r  of ’ less  t hiaui
2 milliseconds

1)1 SP U A V

I h i s  s e e  lion i t ’ , , ‘ i C e ’s data iron ) t ire’ uira )i ir t ime’ counter an d provid e’s an Li- i) ch ispla r
( i f  ( hit ’ i c c  u inuuu i l. te’el t init’ for t he l’ie’nef i t  ,if t u e  u ise ’r
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PROGRAMMER CONSOLES

i lie prograuilme’r c onsO le ’s provide’ I’ ‘r prugramuini ing and eie’buiuzg i np t he co mrr p ute ’rs
t i l e ’ ( I )( .4~~

) programmer ci ini s i u le ’ ,iure i (hit ’ separate ~ Iiic ’ i ur ron lito r will he us eul .us a Iiac ’kliIl
f ’,’ n t Ire ( 1  )( -4 1’ ’) s , i l t ’,~ ,i~ e’ c’ irc’e’ k ou mt ~u mre h ( lie ’ i i :ur , bw:u re m i r a m mrt cn a m i cc  when tIle ’ HA l’ is nut in
operatiou l h cure 2~

) i s  a t ro u t C 1eV.  ‘ ‘ 1  (lie e ’( iI ld ( i le a mrd video mmro m r i tor
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(‘out wl of .5 1 ‘\( - 
for pr ograur rxriim rg arid dehuigg iurg i’, provided ICr t h e’ A ’l’,\ ( - . I I’

court rot pairel ( f igure 30) . I Ii is control pairel allows (lie prograunnier to e’llter instruct 11)115 Ill
hie’x u de’c mmal t’ornr into specified ,idci resse ’i, in n leu n uu u rr l i re ’ a ddresses au rri t h e i r  c umitent s arc ’
ij is lC l,I\ eui on the pamiel , ( ontro l is also prov dccl  for ente ’ ruu rg t i l e ’ bootstrap loader un t iu  a
s pec i f i c  a rea of nrlemory and e’xe ’cuit im rg it to  load a program I rour i an e’x te r ura l  u ievi c c stuc i r as a
pa per-tape reader , For dehu igg iump purpose’ s . thc ’ con tents of  t h e  v ,u r ui ) us register s ca rl be
displayed as well as s p e c i f i c  words in nnenmor ~ 

(‘ontro ls .i ie ’ a lso pr~ s u, l,’ c i t , , i  loac huu ig the
programir counter a nd for e’x ecut i  rig the progr.u nml a single’ sI c ’ r .iI ,u I t I mid ’
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Figure 30. ATA(’- 16 control panel.

l-x anip les of control entries are :

Enter a hexidecima l value into tire key board ( KB) register ,
Inspect or ch ange contents of a ATM’ meiriory address ,
Enter 10 consecutive memory locations with a constant.
Inspect or ch ange contents of ’ general or special registers .
Execute one (or m ore l single A’l’AC instruction(s),
Run an A’FAC program .
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I3 R AZ () AVIONICS PROCESSOR

I’ire purpose ( if  t i re (‘ I)( ’ I3RAZO ,‘\V lo l r l c  ‘, Process o r ( ‘l)( ‘ 13 - \I’ is to comp I~’te t ire’
digita l conrimunication link for t ire MSI)P . proc- ide ’ t ire ne ’ce ’ ssa r \  da ta  iii t i l e ’ prope r I orniat
for c’Oii tro hliurg (lie NI SI)P. and to provide a means of re c e i v i n g, pr~ c’e ssimrp. a mi d d is phayui ig (lie ’
ei igmtal data t ra ns mit tee l  f ’rourr t i re ’ \ lS h) P I he (‘I)( , HAP I f ’ic i i r  c 3 I I CC ,is intc ’ rrc ie’tJ for u S c ’ uui i l\
in the in itial iahoratorr e’hle ’c’koiit amid test ing of the’ 51 1W, I)urmnp on C I te ’ A ’ . ‘,Ie’Iii le s t u i n g  a ire !

c’V,ihu ,i I ion - it cc ill he’ rep laced br tire A I A(’ - B,-\ P incorporated uu r ( u tile r~i t iam ’ cc  arning re’e eic c ’r
R\ ~ R h owever , tire ( ‘l ) ( ’/i3 -\P will he av a ila ble ’ on-s ite as ,i hack-up f i r  t ire -\ I \ (  13 SI’  s i

t hat indepen dent tests m r ra y be conducted on Ore BRAI() seeker

~~~~~~
o , o

~~~~~

~7t ( l ’j  ~~~~~

I iu , u u , ’ 3 1 ,  ( lX ”l3R,.\L() ,lCl~ ’ l u i C S  t n i o e e s S o l

i’he ( I )( 13AP c ’ iu isi sts of a rmi icroproc essor I Intel ~08O ). a mnagnet ic-t . i pe c ,isse ’t te
el r icc ’ , a I e - le ’ t r  pc i I I ‘I I ann] .u . i th ro de— ray tu be )( ‘R’E’ ) diisp la\ and ke ’ r ICo ,ird I it ’ f u i n c I u , , n u s

i f  t he ( 1 X  HAl’ inc lode’
DISl’I A~ ~)i D \ I - \ Rh ( 1  151  1) 1 RUM Till- MSDP
lire h urt ’ ’ (se oh t ire ’ disp l,u r t uu rct ion us to provid e’ t he operato r wit ii isui u i l res u l t s  of

( lie 51 SW ’ > h i e’r,i t ioni -SIso m nrc h tude ’d are tire ’ location i l l  c’orrc’sponi dlirc! data in tire eiata base’ ,
c u ) nC ertung t i le ’ data fr ouir bu mrar v to digital f ’urnr , anti decoding and dus plar iurg e u  ror i lu e ’ ss ,ig c ’s
amid \ISI )h’ s t , i t  u s  i l u e ’ss,iges I lie ( R I is u sed for (Iris I l i u r c t u c ) l r ,
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(fl MSDP COMMANDS i-NTERLD l3Y Ti-Il- , OPERATOR

‘l’he purpose of the comm and function is to collect the appropriate data from tire
data base . for irrat them into tire prope r MSI)P message , and transmit the message to tire
\ISI)P, ‘Ibis t’umict ion also verifies t lrat tire MSI)P has received the message corre ct ly.  ‘[he
(‘RT ker board us used for th is purpose

S’FORAGE (31 l) ,-S ’FA ‘tABLES ON ‘Fil l — MAGNl-~T IL ‘l’API’

‘I’hre purpose of the data storage is to store , on mrragne t ic tape. tire data tables win ch
t ire MSI)P retluires for i ts operation. (‘ontro l of the magnetic tape is from the operator
com ’nnran ds e’nteret l fromir tire (‘R’[ key board.

RETRIEVAL OF I)ATA TABLES FROM Till’ MAGNETI(’ ‘[APE

The purpose of data retrieval is to build. from m agnetic tape . tire data table ’s w lru cir
t ire MSDP requires for i t s  operation.

PROCESSING (‘ON’FROL (‘OMMANDS I NFl-  RI- I)  BY Till- OPERATOR

The purpose of tire control function is to display tire operator ’s keyboard entrr -
decode tire entry , ami d transfe r program control to the appropriate routines I or processing ,

Althougir all entries are in the same format , some of tire e u rtr mes control operations wi t h in
the BAP simulator whereas otirer entries control tire operation of ’ tire MSI)P,
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Sr I —~4 1i auu ~ r:i f I Ir,is be’e’ni i l r O u iu ) te ’~l 1)11 1 ~‘iilc ’h guiur l~ a r ~- l  t o n  use ’ is a t e ’ sI IC L ’ ,I f o r

BR \ / (  i I t ’icurc’ $1 , I Ire ’ i i uouu rI ‘n ‘‘C t i e ’ s t i l t  .u p, ‘ u it  \ to  t rain t i l e ’ u - ii I ii a/i 1101 Ii ‘.e u t l ~
‘s ue! lil 10 lIlt ’ l u ,  Ii,, Sh i ssule l’~j nge’ ,i r ici Iir~ Sir  ( on l i f C a t  SI h e ’ll’, ,‘r - i-~. i u utu- ,’ i SI 51 I’~ ,iI

~i
’ urli:u \ r u i ’ r i a  I hcuuur e ’ 3 3 ~ - \ g , ’ \ e ’ r l u , l  c , ’ nt r , i l s  l i l t’ s lecc i .u l e uI  2 e i l l l e ’ r e ’u i t s p e e d s  II)

j eg re~’ s per se ’ ei’II,l ,imii l 3 ( 1 ,Ie ’ C n e ’ e ’s per  se ’ e~~’ l i , f  l i re  c ’ le ’C ,il l ’ O u  , i n i g le - Is t i s e c i  ,it ~ip \ u m l u a t c ’l\
/e ’ r e ’  3e ’L ’ ie ’ e s  S I ‘~— ci e ’g re’ c’ ‘, ‘ s i l uon ia i  dead Ionic’ cc u il h~- m u i i t i a lt r cen le - r c , l  il a c e ) I i l j ’ .uss h e a , l u u u e!
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PACiFiC OCEAN

Figure 33 , Centrj li ,ed BRA l I-M, location.

F-4B MODIFICATIONS

‘lire F-4 B h a s  been irrodified to permit tire carriage of BRAZO ir ni ssul ~’ at t he rugin
imrboard external store station. The nrodil’icat ion includes the insta lia(ionr of a BRAZO
control panel in the rear cockpit , installation of ’ a iriodil’ied LAU- I 7 A ui i issihe pylon at tire
exis t ing righ t inboard pylon-attachment hard points. anel changes to e’su st m ng internal wiring
to provide BRAZO missile control . L3RAZO instruunrentation s igmra ls , ann] AIM ~I’ - 2 ii i issul e ’-
tiring circuits routed through tire existing aircraf ’t py lon disconnects to tire modified
l ,A U - i  7/A missile pylon ( figure 34) .

4 ,,(



BRAZO LA UNCH E R “ - — 
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Figure 34,  BRAZO Immodif ic amio u r -

Space for the BRAZO Control Panel h a s  been provided by r e ’ n uu ucuule  t i re I.ahs R e l e a s e ’
Angie control panel and tile adjacent blank panel fromn tire rear cockpit rig iit imistru n remr t
subpanel.

Tire LAU- I 7/A missile tAylo mr modifications consist of repackag ing tire ’ ex isting I ( -~~i~
A PA- i 28 tuning drive unit to house BRAZO electronic control components . ami d rewiring
tire pylon to provide BRAZO missile control and firing circuits tirrougir co nmiec tors unatc i r ing
the existing F-4 B inboard pylon disconnects.

COMMUNICATIONS

A communication network is provided between the test van , 1-4 11 aireraf ’t , amid data-
s torage area for test-activity coordination . A u h f - c h i t ’ tra nsmit ler- receive ’r us a lso available for
communication wit h aircrews undergoing ACM training witir th ose iii dedicated aircraft ,

— 
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APPENDIX A:
GLOSSAR Y

-S( NI -Sir (‘oinbat Maneuvering
ADS : Advanced I)evehopment Missile
Al Airborne Interceptor

Arithmetic and Logic Unit
A R 1 I  Anti-Radiation Homing
ARM Anti-Radiation Missile
ARWS Advanced Radar Warning System
‘5 1 AC’ Applied Technology ’s Advanced Computer
ATM’ RAP BRAVE Avionics Processor implemented in ATAC

Active Target Table
BCP BRAZO (‘ontrol Panel
BI M BRAZO Interface Module
B RATFAC BRAZO Avionics Test Facility
BRAVE BRA ZO Avionics Equipmrient
BRAZO Spanish word for Ar m (acronymn t’or Anti-Radiation Missi le )
CDC/ BAP BRAZO Avionics Processor imr’iplemented by (‘I)(’
(‘PU Central Processing Unit
(‘RT Cathode Ray Tube
(‘W (‘ontinuous Wave
I)AS Data Acquisition System
I)F Direction Finding
DMA Direct Menrou’y Access
i:( ii Electrical (‘onversion Unit
ERASE Electromagnetic Radiation Source Elimination
i- lEO First —i m i- First - ’ o ut

U I U ( ;uidance ‘I’est Unit
II Interirrediate Frequency
I ( ) Input/Output
L() Local Oscillator
M( ‘S Missile (‘ontrol Systenr i
M(’SU Motle (‘ontrol amid Status Unit
MSI)1’ Missile Se’ e’ke ’r I)igital Processor
NI- I ( Naval Electronics l~ahoratory (‘enter

a ‘
~
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ONINI Onrnidirectional
PA PP Pre-and-Post Processor
PRI Pulse Repetition Interval
PRI: Pulse Repetition Frequency
RWR Radar Warning Receiver
i’M Telem iretry
UA RT Universal Asynchronous Receiver Transmitter
WCS Weapon Contro l System
YIU Yittriun r Iron Garnet

_ _ _ _ _ _ _ _ _ _ _ _  
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6, liugires ,‘Sircraft Connpanr , ,-\ i r - tu-I\ir ARM I)emonstration Program. ‘I ask 1 7 . F i nal
Report. BRA ZO Avionics Ecituipnrent I I 3R AV I -  I Aircraft Integration Stdudy, (‘o m u i m d e n h a i ,
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